Rational design of a bimodular model system for the investigation of heterocyclization in nonribosomal peptide biosynthesis.
Cyclization (Cy) domains in NRPS catalyze the heterocyclization of cysteine and serine/threonine to thiazoline and oxazoline rings. A model system consisting of the first two modules of bacitracin synthetase A fused to the thioesterase (Te) domain of tyrocidine synthetase was constructed (BacA1-2-Te) and shown to be active in production of the heterocyclic IleCys(thiazoline). Based on this model system, the feasibility of Cy domain module fusions was investigated by replacing the BacA2 Cy-A-PCP-module with modules of MbtB and MtaD from the biosynthesis systems of mycobactin and myxothiazol, revealing the formation of novel heterocyclic dipeptides. To dissect the reaction sequence of the Cy domain in peptide bond formation and heterocyclization, several residues of the BacA1-2-Te Cy domain were analyzed by mutagenesis. Two mutants exhibited formation of the noncyclic dipeptide, providing clear evidence for the independence of condensation and cyclization.